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Overview	
  of	
  NOAA	
  CMIP5	
  Task	
  Force	
  
Model	
  Evalua=ons	
  

1.   Goal	
   is	
   to	
   evaluate	
   CMIP5	
   historical	
   simula7ons	
   and	
  
projec7ons/predic7ons	
  

2.   Via	
  three	
  papers	
  to	
  be	
  submi@ed	
  to	
  a	
  J.	
  Climate	
  special	
  issue	
  on	
  
CMIP5	
  N.	
  America	
  climate	
  

1. Evalua(on	
  of	
  North	
  American	
  20th	
  Century	
  climate	
  in	
  CMIP5	
  

2. 21st	
  Century	
  projec(ons	
  of	
  North	
  American	
  climate	
  in	
  CMIP5	
  

3. Analysis	
  of	
  Decadal	
  Hindcasts	
  and	
  Forecast	
  



 Task Force Mission 
The Modeling, Analysis, Predictions and Projections 

(MAPP) Program (Climate Program Office/OAR) 

CMIP5 Task Force brings together scientists whose 

MAPP-funded research in the framework of CMIP5 

aims at evaluating simulations of the 20th century 

climate and the uncertainties in long-term predictions 

and projection of twenty-first century climate over 

North America.  

The group was formed in November 2011 and will 

have a life-span of 3 years. 

Participants 

Bukovski Melissa, NCAR; Camargo Susana, Lamont-Doherty Earth 

Observatory; Cavarlho Leila, University of California, Santa Barbara; 

Colle Brian, Stony Brook University; De-Zheng Sun, ESRL/PSD; Fu 

Rong, Georgia Tech; Gabriel Vecchi, GFDL; Goddard Lisa, IRI; Hu Qi S, 

University of Nebraska, Lincoln; Jian Xianan, UCLA; Jim Kinter, COLA; 

Jones Charles, University of California, Santa Barbara; Karnauskas Khris, 

Woods Hole Oceanographic Institution; Kirtman Ben, University of 

Miami; Lin Jianlin, Ohio State University; Maloney Eric, Colorado State 

University; Ming Zhao, GFDL; Mo Kingtse, NOAA Climate Prediction 

Center; Neelin David, University of California, Los Angeles; Nigam 

Sumant, University of Maryland, College Park; Pan Zai-Tao, Saint Louis 

University; Ruiz-Barradas, University of Maryland, College Park; Seager 

Richard, Lamont-Doherty Earth Observatory; Serra Yolande, University of 

Arizona; Seth Anji, University of Connecticut; Sheffield Justin, University 

of Princeton; Wang Chun-Zai, NOAA/AOML; Xie Shang-Ping, University 

of Hawaii; Yu Ji-Yi, UC Urvine; Zhang Tao, ESRL/PSD. 

Near Term Plans 

Develop a set of 3 publications summarizing 

CMIP5 simulations and predictions of key 

regional features of the North American 

climate.  

-!Paper 1: Evaluation of 20th Century 

Simulations 

-!Paper 2: Assessment of 21st  Century 

Projections  

-!Paper 3: Analysis of Decadal Hindcasts and 

Forecasts 

20th C  Basic  Climatology 

20th C Intraseasonal Variability 20th C Drought and Wet Spells 

20th C Decadal Variability 

20th C Water Budget 

21st C Changes in Climatology 

21st C Changes in Intra-

seasonal Variability 

21st  C Changes in North 

Atlantic Hurricane Freq 

Precipitation: winter and summer means 

Tair amplitude of seasonal cycle 

Mean Precipitation and Temperature 

Alfredo Ruiz-Barradas and Sumant Nigam 

Summer Precip Variability 

Xianan Jiang and Eric Maloney North American Climate and Related Phenomena 

 in CMIP5 

Winter Tair and PDO 

Nat Johnson and Shang-Ping Xie 

20th C ENSO Variability 

El Niño “Flavors” and Winter Tair   

Jin-Yi Yu 

Persistent Precipitation Anomalies  

Lindsey Long and Kingtse Mo 

Land Surface Budgets and snow cover 

Justin Sheffield 

Mean Precipitation and Temperature Changes 

David Neelin 

Changes in Summer Precip Variability 

Xianan Jiang and Eric Maloney 

North American Monsoon 

Yolande Serra 

The MAPP Program is one of four NOAA/OAR Climate 

Program Office research programs. 

The MAPP Program's mission is to enhance the Nation's 

capability to understand and predict natural variability and 

changes in Earth's climate system.  

For more information visit: 

http://www.climate.noaa.gov/index.jsp?pg=./cpo_pa/mapp/ 

Contact: Annarita.Mariotti@noaa.gov 

Changes in N. Atlantic Hurricane Frequency 

Ming Zhao 

c 

AMO Variability 

Chunzai Wang 

Initial Results from the Task Force   

Paper	
   1	
   looks	
   at	
   a	
   range	
   of	
   climate	
  
features	
   relevant	
   to	
   N.	
   American	
  
climate	
  and	
  its	
  impacts:	
  

1.   Con&nental	
   climate	
   (precipita=on,	
  
temperature,	
   land/atmosphere	
  
water	
   budgets,	
   SSTs,	
   biophysical	
  
indicators,	
  persistent	
  dry/wet	
  spells)	
  

2.   Regional	
   climate	
   (east	
   coast	
   winter	
  
storms,	
   northeast	
   precipita=on,	
  
western	
   water,	
   north	
   American	
  
monsoon,	
  Great	
  Plains	
   low	
   level	
   jet/
drought,	
   Arc=c	
   seas	
   ice,	
   south/
southeastern	
  extremes)	
  

3.   Intra-­‐seasonal	
  variability	
   (PNA,	
  NAO,	
  
MJO)	
  

4.   East	
   Pacific	
   and	
   Atlan&c	
   tropical	
  
cyclones	
  

5.   Inter-­‐annual	
   to	
   decadal	
   variability	
  
and	
   trends	
   (ENSO	
   plus	
  
teleconnec=ons,	
   warm/cold	
   event	
  
asymmetry,	
   AMO,	
   PDO,	
   warming	
  
hole,	
  trends	
  in	
  precipita=on,	
  temp).	
  



Global	
  and	
  regional	
  drought	
  from	
  CMIP5:	
  
Evalua=ons	
  of	
  contemporary	
  climate	
  
simula=ons	
  and	
  implica=ons	
  for	
  future	
  

projec=ons	
  

Jus=n	
  Sheffield	
  
Dept.	
  Civil	
  and	
  Environmental	
  Engineering	
  

Princeton	
  University	
  



Background	
  

•  Drought	
  causes	
  large	
  impacts	
  to	
  agriculture,	
  water	
  supply,	
  
economies	
  and	
  ecosystems.	
  

•  Specula=on	
  that	
  droughts	
  have	
  increased	
  over	
  the	
  past	
  30	
  years	
  
and	
  expecta=on	
  is	
  that	
  droughts	
  will	
  become	
  more	
  frequent	
  and	
  
intense	
  in	
  the	
  future.	
  	
  

•  Soil	
  moisture	
  is	
  a	
  key	
  variable	
  of	
  the	
  climate	
  system	
  
•  Constrains	
  transpira=on/photosynthesis,	
  with	
  impacts	
  on	
  the	
  

water,	
  energy	
  and	
  biogeochemical	
  cycles.	
  	
  
•  Storage	
  for	
  precipita=on	
  and	
  radia=on	
  anomalies,	
  inducing	
  

persistence	
  in	
  the	
  climate	
  system.	
  	
  
•  Key	
  player	
  in	
  feedbacks	
  at	
  local	
  to	
  global	
  scales,	
  and	
  plays	
  a	
  

major	
  role	
  in	
  climate-­‐change	
  projec=ons.	
  



Approach:	
  Data	
  and	
  Methods	
  

1.  Focus	
  on	
  soil	
  moisture	
  and	
  other	
  land	
  
components	
  of	
  the	
  terrestrial	
  water	
  cycle	
  

2.  Analysis	
  of	
  drought	
  characteris=cs	
  in	
  CMIP5	
  
models	
  

3.  Drought	
  characteris=cs:	
  
•  	
   Dura=on	
  
•  	
   Magnitude	
  
•  	
   Severity	
  or	
  Deficit	
  Volume	
  
•  	
   Areal	
  Extent	
  

4.  Evaluate	
  against	
  off-­‐line	
  land	
  surface	
  modeling	
  
•  VIC	
  LSM	
  
•  Forced	
  by	
  hybrid	
  obs/reanalysis	
  

meteorological	
  data	
  (Sheffield	
  et	
  al.	
  2006)	
  

5.  Diagnose	
  differences	
  in	
  terms	
  of	
  climate	
  
variability	
  and	
  soil	
  moisture	
  dynamics	
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Severity, S = D x M 
Extent, A = area in drought 



Future	
  Projec=ons	
  

• 	
  Soil	
  moisture	
  generally	
  dries	
  for	
  all	
  models	
  
• 	
  Increases	
  in	
  all	
  aspects	
  of	
  drought	
  
• 	
  Some	
  models	
  show	
  increases	
  in	
  high	
  
la=tudes	
  (northern	
  high-­‐la=tude	
  modeling	
  
centers)	
  
• 	
  Despite	
  we_ng	
  annually	
  in	
  some	
  places,	
  
drought	
  tends	
  to	
  increase	
  –	
  seasonality	
  is	
  
important	
  



Spa=al	
  Paaerns	
  of	
  Future	
  Projec=ons	
  of	
  Drought	
  Dura7on	
  

CMIP3	
   CMIP5	
  

1961-­‐1990	
  

2036-­‐2065	
  

2070-­‐2099	
  



Spa=al	
  Paaerns	
  of	
  Future	
  Projec=ons	
  of	
  Short-­‐Term	
  Drought	
  

CMIP3	
   CMIP5	
  

1961-­‐1990	
  

2036-­‐2065	
  

2070-­‐2099	
  



20C	
  Evalua=ons:	
  Frequency	
  of	
  Short-­‐Term	
  (3-­‐6	
  month)	
  Drought	
  

VIC	
  Off-­‐line	
  LSM	
  

CMIP5	
  Models	
  



20C	
  Evalua=ons:	
  Frequency	
  of	
  Long-­‐Term	
  (>	
  12	
  months)	
  Drought	
  

VIC	
  Off-­‐line	
  LSM	
  

CMIP5	
  Models	
  

CMIP5	
  Models	
  



Global	
  and	
  Regional	
  Summary	
  of	
  Drought	
  Sta=s=cs	
  



Persistence	
  in	
  Soil	
  Moisture	
  

Persistence	
  is	
  calculated	
  as	
  the	
  average	
  number	
  of	
  months	
  spent	
  in	
  dry	
  anomalies	
  	
  

VIC	
  LSM	
  
CMIP5	
  MODELS	
  



Diagnosing	
  Differences	
  in	
  Soil	
  Moisture	
  Persistence	
  

Model	
  1	
   Model	
  2	
   Model	
  3	
  Off-­‐line	
  LSM	
  

W
es
te
rn
	
  N
A
	
  

Ce
nt
ra
l	
  N

A
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n	
  
N
A
	
  



Seasonal	
  Water	
  Budgets	
  for	
  N.	
  American	
  Regions	
  

Soil	
  Moisture	
   Precipita=on	
   Evapotranspira=on	
   Runoff	
  

W
es
te
rn
	
  N
A
	
  

Ce
nt
ra
l	
  N

A
	
  

Ea
st
er
n	
  
N
A
	
  

CMIP5	
  Models	
  
VIC	
  off-­‐line	
  LSM	
  

• 	
  Soil	
  moisture	
  tends	
  to	
  wet	
  too	
  early	
  in	
  CMIP5	
  models	
  
• 	
  and	
  has	
  larger	
  dynamic	
  range	
  (deeper	
  soils,	
  more	
  P,	
  more	
  E)	
  
• 	
  Precipita=on	
  is	
  too	
  high	
  in	
  the	
  west	
  
• 	
  Evapotranspira=on	
  is	
  generally	
  too	
  high,	
  regardless	
  of	
  precip	
  	
  
• 	
  Runoff	
  is	
  too	
  low	
  and	
  spring	
  melt	
  peaks	
  too	
  early	
  



Par==oning	
  of	
  Precipita=on	
  into	
  Evapotranspira=on	
  and	
  Runoff	
  

E/P	
   Q/P	
  



Correla=on	
  between	
  
Precipita=on	
  and	
  
other	
  Land	
  Budget	
  
Components	
  	
  
(Monthly)	
  

Runoff	
   Evap	
   Soil	
  Moist	
  

Off-­‐line	
  LSM	
  

CanESM2	
  

CSIRO-­‐Mk3	
  

GISS-­‐E2-­‐H	
  

GISS-­‐E2-­‐R	
  

IPSL-­‐CM5A-­‐LR	
  

MIROC-­‐ESM-­‐CHEM	
  



Correla=on	
  between	
  
Precipita=on	
  and	
  
other	
  Land	
  Budget	
  
Components	
  (JJA)	
  

Runoff	
   Evap	
   Soil	
  Moist	
  

Off-­‐line	
  LSM	
  

CanESM2	
  

CSIRO-­‐Mk3	
  

GISS-­‐E2-­‐H	
  

GISS-­‐E2-­‐R	
  

IPSL-­‐CM5A-­‐LR	
  

MIROC-­‐ESM-­‐CHEM	
  



Conclusions	
  

1.  Future	
  projec=ons	
  show	
  increased	
  drought	
  occurrence,	
  dura=on	
  and	
  severity,	
  globally	
  and	
  
par=cularly	
  in	
  many	
  sub-­‐tropical	
  regions.	
  CMIP5	
  results	
  similar	
  to	
  CMIP3	
  

2.  Can	
  we	
  beaer	
  quan=fy	
  and	
  reduce	
  uncertainty	
  in	
  future	
  projec=ons	
  based	
  on	
  20C	
  
evalua=ons	
  focused	
  on	
  physical	
  processes?	
  

3.  CMIP5	
  models	
  do	
  a	
  reasonable	
  job	
  at	
  capturing	
  the	
  regional	
  varia=on	
  in	
  drought	
  
characteris=cs,	
  although	
  with	
  large	
  spread	
  across	
  models	
  

4.  Tend	
  to	
  over-­‐predict	
  the	
  frequency	
  of	
  long-­‐term	
  droughts,	
  which	
  may	
  be	
  due	
  to	
  differences	
  
in	
  climate	
  variability	
  and/or	
  land	
  processes	
  (e.g.	
  soil	
  moisture	
  dynamics)	
  

5.  Some	
  hint	
  that	
  the	
  differences	
  are	
  dominated	
  by	
  the	
  soil	
  moisture	
  physics	
  	
  

6.  Future	
  work:	
  
1.  Diagnosing	
  differences	
  in	
  20th	
  century	
  drought	
  characteris=cs	
  among	
  models	
  (climate	
  

variability	
  versus	
  land	
  processes)	
  
2.  Drivers	
  of	
  future	
  change:	
  changes	
  in	
  P	
  versus	
  changes	
  in	
  E	
  (complicated	
  by	
  seasonality)	
  


